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@ TRENICO “Introduction
Chromium (VI) Surface Treatment:

e Favours the adhesion of organic coatings
* |[ncreases corrosion resistance
e Easy application
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(JrMe  Introduction

Goal

 Develop more effective “smart” coatings for corrosion protection
of AA2024

Impact

* Elimination of chromate pigments from current formulations used in
the aircraft industry; _

e Reduced thickness and decreased number of layers;

* |Increased corrosion resistance, lifetime and mechanical properties,
by addition of “smart” additives, conferring self-healing properties;

e Application to various industries (e.g. aeronautial, automotive, etc.).




e Introduction

Healing Processes
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e Introduction

Healing Processes
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(s Introduction
Healing Processes

e Stimulus: Mechanical Action
 Response: Capsule rupture — healing by polymerisation

Without capsules With capsules

(@)

Advanced Materials, 2009, 21, 645-649 5



TECNICO Introduction

“Smart” Epoxy Coatings

TiO, nanocontainers loaded with 8-hydroxyquinoline
(corrosion inhibitor).

(a) 2 days in NaCl

SEM image
Progress in Organic Coatings, 2012, 74, 418— 426

Confocal Microscope
(Under UV light)

Early and non-invasive corrosion detection.

Confocal Microscope

Progress in Organic Coatmgs 2011 71 406—412



Prse  “Smart” Additives

e Compatibility with the host matrix

e Compatible with coating thickness

* |dentical/improved barrier properties
* High loading capacity

e Stimuli-responsive

* Long stability
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Polyelectrolyte Nanocapsules

PoneIectronte (soft ) shells - Layer by Layer

*

Emulsion of organic

solvent/water containing

MBT + surfactant

&

PoneIectrontes

~ AOT+PDADMAC(PSS/PDADMAC).
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SEM Image

N-number of layer

Zeta potential with number of layers

Concentration of MBT
0,03g/L

Layer-by-Layer adsorption of
polyelectrolytes

Size ~60nm |
Zeta Potential +40mV



(Jradse  Tested Coatings

Tested coatings:

* Coating 1 — Epoxy Resin with 35% of water suspension of
negatively charged capsules without inhibitor

e Coating 2 — Epoxy Resin with 35% of water suspension of
negatively charged capsules with inhibitor

Used Techniques:

e SEM . > Coating Morphology

o ElS

. SVET__] > Electrochemical Techniques
e SIET



(e’ Morphology (SEM images|

Cross-Section Top View

- Thickness = 42um

Cross-Sectioh Top View

10pm MicroLab

Coating 1 Coating 2



TEwee  EIS Measurements

Blank — Epoxy without Nanocapsules
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W TECNICO Fitting-_s (Coati-ng Layer )

R coat (0.5M NacCl)

1,00E+09 -

1,00E+07 . / \. —oéBIanI.(

“RE ¢ L . . -#-Coating 1
1,008+06 | | | Coating 2
1,00E+05 w —————

1,00E+04
: e 000 600

1,00E+08 j‘
\

Log(R coat)

0 100 200 300 400
Time/hours



WTECNICO ~ Fittings (Oxide Layer)

LISBOA
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Fittings (Substrate)
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R subs (0.5M NaCl)
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() Defect (SVET & SIET)

Blank coating
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{Jra Defect (SVET & SIET)

Coating + MBT filled nanocapsules
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) "ML Mechanism of self-healing

- Defects open a path for Chloride ions

" | cr I cr
cr :

The corrosion process starts on the CI N
damaged oxide I\ N

«

The inhibitors is released because nanocapsules
are broken and because their sheII is pH
sensitive AA2024

Inhibition of the corrosion process

Cl-



(Jrwce  Conclusions

Allows the use of water as solvent (Green).
Nanocapsules were successfully prepared and characterised.

There is a very good compatibility between the nanocapsules
and the epoxy based matrix.

The capsules do not affect greatly the morphology of the
coating.

The coatings embeded with nanocapsules, displayed the best
performance.

A recovery of the low frequency impedance was observed in
damaged coatings.

Localised electrochemical techniques revealed self-healing
of the corrosion activity.
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